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INTRODUCTION 

Molybdenum-containing c a t a l y s t s  are  wide ly  used i n  t h e  pe t ro leum r e f i n i n g  i n d u s t r y  
f o r  mild hydrogenat ion and removal of  he te roa toms such as n i t r o g e n ,  oxygen, and 
s u l f u r ,  as wel l  as metals l i k e  n i c k e l  and vanadium. 
i s  b e i n g  extended t o  upgrading of petroleum s u b s t i t u t e s  such as s h a l e  o i l ,  t a r  sands,  
and c o a l  l i q u i d s .  But molybdenum c a t a l y s t s  a l s o  p l a y  a n  impor tan t  r o l e  i n  s e v e r a l  
d i r e c t  c o a l  l i q u e f a c t i o n  p r o c e s s e s .  

I n  one type  of l i q u e f a c t i o n  o p e r a t i o n ,  a convent iona l  petroleum-type COMO/AI,O, o r  
NiMo/AlzOs c a t a l y s t  can be  used f o r  rehydrogenat ion  of t h e  r e c y c l e  s o l v e n t  stream. 
I n  two-stage c o a l  l i q u e f a c t i o n  p r o c e s s e s ,  t h e  i n i t i a l  l i q u e f a c t i o n  s t e p  uses  only  
n a t u r a l  components of  t h e  c o a l  a s h  as c a t a l y s t s ,  b u t  t h e  second s t a g e  employs a 
CoMo/Alz03 c a t a l y s t  f o r  upgrading.  

A t h i r d  type  of o p e r a t i o n  u t i l i z e s  a CoMo/AlzOS c a t a l y s t  i n  t h e  l i q u e f a c t i o n  r e a c t o r .  
F r e s h  c a t a l y s t  can be added t o  t h e  top  of  t h e  r e a c t o r  w h i l e  s p e n t  c a t a l y s t  can  be  
withdrawn From t h e  bottom. Here, t h e  c a t a l y s t  i s  i n  d i r e c t  c o n t a c t  w i t h  t h e  c o a l .  

I n  a f o u r t h  v a r i a t i o n ,  a molybdenum compound i s  d i s p e r s e d  i n  t h e  c o a l - o i l  f e e d  
s l u r r y .  
r e c y c l e d  w i t h  s o l v e n t  w h i l e  t h e  remainder  goes a l o n g  w i t h  t h e  l i q u i d  product  stream 
and t h e n  wi th  t h e  r e s i d u e  i n t o  a g a s i f i e r  i n  t h e  hydrogen p l a n t .  Eventua l ly ,  t h e  
Mo is discharged  from t h e  p l a n t  as  a component of  t h e  c o a l  ash.  Here a g a i n ,  t h e  
molybdenum c a t a l y s t  is i n  d i r e c t  c o n t a c t  w i t h  t h e  c o a l  a l though no r e f r a c t o r y  
s u p p o r t  is employed. 

Coal l i q u e f a c t i o n  p r o c e s s e s  can  consume l a r g e  q u a n t i t i e s  o f  c a t a l y s t .  For example, 
an H-Coal-type p l a n t  p r o c e s s i n g  20,000 t o n s  of  c o a l  a day and u s i n g  c a t a l y s t  a t  a 
r a t e  of  1 . 5  l b / t o n  of c o a l  would r e q u i r e  about  1 0  MM pounds o f  CoMo/AlZ03 a y e a r  on 
a once-through b a s i s .  While r e g e n e r a t i o n  and improved u t i l i z a t i o n  rates might 
reduce  t h i s  amount s u b s t a n t i a l l y ,  t h e  demand f o r  f r e s h  c a t a l y s t  would s t i l l  b e  
s i z a b l e .  

This  hydroprocess ing  technology 

Carr ied  through t h e  l i q u e f a c t i o n  r e a c t o r ,  a p o r t i o n  of t h e  molybdenum is  

71 



MOLYBDENUM RECOVERY PROCESSES 

The i n v e s t i g a t i o n  of molybdenum r e c o v e r y  methods w a s  l i m i t e d  t o  two t y p e s  of 
c a t a l y s t  s y s t e m s ,  one i n  which CoMo/A1203 w a s  i n  d i r e c t  c o n t a c t  w i t h  c o a l  i n  t h e  
l i q u e f a c t i o n  r e a c t o r  and one t h a t  employed a molybdenum compound d i s p e r s e d  i n  t h e  
c o a l - o i l  feed s l u r r y .  T h i s  work h a s  been c a r r i e d  o u t  on a l a b o r a t o r y  s c a l e  only  
and h a s  not  been e v a l u a t e d  i n  p i l o t  p l a n t  equipment .  

C O M O / A ~ ~ O ,  C a t a l y s t  

Labora tory  s t u d i e s  began w i t h  "as r e c e i v e d "  s p e n t  C O M O / A ~ . O ~  pe t ro leum hydrodesul-  
f u r i z a t i o n  (HDS) c a t a l y s t  t h a t  c o n t a i n e d  s u b s t a n t i a l  q u a n t i t i e s  of  s u l f u r ,  coke, 
and heavy hydrocarbons. 
p i l o t  u n i t  has  r e c e n t l y  been o b t a i n e d  and i s  c u r r e n t l y  b e i n g  t e s t e d  t o  de te rmine  
the e f f e c t s  of c o a l  a s h  components such  a s  Fe ,  Ca, T i ,  and S i  on Mo recovery .  

F i g u r e  1 shows a schemat ic  f low diagram f o r  t h e  p r o c e s s .  The chemis t ry  involved  i s  
n o t  un ique  t o  t h i s  o p e r a t i o n ,  having  been r e p o r t e d  i n  numerous s c i e n t i f i c  publ ica-  
t i o n s  and p a t e n t s .  

The s p e n t  c o a l  l i q u e f a c t i o n  c a t a l y s t  i s  f i r s t  ground t o  approximate ly  -100 mesh 
p a r t i c l e  s i z e  t o  f a c i l i t a t e  gas-so l id  c o n t a c t  i n  subsequent  s t e p s .  Then t h e  pul-  
v e r i z e d  mater ia l  i s  r o a s t e d  i n  a i r  a t  600 C i n  a d i r e c t  f i r e d  r o t a r y  k i l n  o r  f l u i d  
bed c a l c i n e r  t o  remove carbon and s u l f u r  d e p o s i t s .  The c a l c i n e d  material  i s  mixed 
w i t h  soda ash (NaZCO,) t o  o b t a i n  i n t i m a t e  c o n t a c t .  This  probably c a n  be  done with- 
o u t  c o o l i n g  as t h e  material  l e a v e s  t h e  A i r  Roas te r .  The NazC03-calcine mix is then 
r o a s t e d  aga in  i n  a i r  a t  750 C i n  a second r o t a r y  k i l n  o r  f l u i d  c a l c i n e r  t o  conver t  
molybdenum o x i d e  (MOO,) t o  NaZMoO,. 

A sample o f  CoMo/AlZ03 c a t a l y s t  from a c o a l  l i q u e f a c t i o n  

Moo3 + NazCO, -+ NaZMoOl. + COz+ I? 

The N a z C 0 3  Roas te r  product  i s  water leached  a t  100 C i n  a cont inuous  s t i r r e d  tank  
r e a c t o r  v e s s e l  t o  s o l u b i l i z e  t h e  molybdenum. I n s o l u b l e  Co-Alz03 r e s i d u e  and t h e  
Na2MoOb s o l u t i o n  are r e a d i l y  s e p a r a t e d  by f i l t r a t i o n .  The f i l t e r  cake,  a f t e r  
washing, i s  ready  f o r  c o b a l t  recovery .  

The f i l t r a t e  i s  t r a n s f e r r e d  t o  a Mo recovery  c i r c u i t  and t r e a t e d  w i t h  ca lc ium 
c h l o r i d e  o r  l i m e  a t  ambient t e m p e r a t u r e  t o  p r e c i p i t a t e  ca lc ium molybdate which is 
f i l t e r e d ,  washed, and d r i e d .  

NazMoOb + CaC12/Ca(OH), -+ CaMo0,J. + 2NaC1/2NaOH 

The f i l t r a t e  from t h e  Mo P r e c i p i t a t i o n  Tank w i l l  p robably  r e q u i r e  n e u t r a l i z a t i o n  
b e f o r e  d i s c h a r g e  as a waste s o l u t i o n .  

Labora tory  scale experiments  w i t h  t h i s  p r o c e s s i n g  scheme have  r e s u l t e d  i n  
molybdenum r e c o v e r i e s  between 90 and 95% wi th  no c o b a l t  contaminat ion .  

C a p i t a l  and o p e r a t i n g  c o s t  e s t i m a t e s  f o r  t h e  p r o c e s s  are shown i n  Table  I .  
c o s t s  are "order  o f  magnitude" o r  "pre l iminary"  which i m p l i e s  -+30%. 
assumptions used i n  t h i s  estimate a r e :  

A l l  
The d e s i g n  

1. Spent c a t a l y s t  i s  o b t a i n e d  from a 20,000 TPD o r  50,000 TPD c o a l  l i q u e -  
f a c t i o n  p l a n t  consuming 1 .5  l b s  of CoMo/Al,Os c a t a l y s t  p e r  ton  of  c o a l .  

72 



2 .  The composi t ion of  t h e  s p e n t  c a t a l y s t  was 10% Mo, 2.5% C o ,  10% s ,  
10% C ,  w i t h  t h e  b a l a n c e  A 1 2 0 3 .  

3. The p l a n t  o p e r a t e s  330 d a y s / y e a r ,  24 hours /day .  
4 .  Mo recovery i s  95% i n  t h e  s p e n t  c a t a l y s t  p l a n t .  
5. No c o s t  i s  a p p l i e d  t o  t h e  s p e n t  c a t a l y s t .  
6. No c r e d i t  i s  taken f o r  Co-A1203 n o r  a r e  c o s t s  f o r  t h e i r  s e p a r a t i o n  

7. 

8. 

charged t o  Mo recovery .  
Raw m a t e r i a l  c o s t s  a r e  t h o s e  p u b l i s h e d  i n  Chemical Market ing Repor te r ,  
March I, 1982. 
C a p i t a l  c o s t s  are based on March 1982 estimates u s i n g  a Chemical 
Engineer ing  Index o f  330. 

The t y p e  and s i z e  of  a l l  equipment were chosen us ing  normal e n g i n e e r i n g  e s t i m a t i n g  
procedures  based on t h e  s m a l l  scale l a b  tests. S e v e r a l  less convent iona l  a l t e r n a -  
t i v e  equipment t y p e s  may be s u i t a b l e  a t  s i g n i f i c a n t  c a p i t a l  economies. I n  a d d i t i o n ,  
no a t tempt  w a s  made t o  opt imize  r a w  material o r  u t i l i t y  consumptions,  which would 
a l s o  be amenable t o  economizat ion.  Eventua l ly  a l l  equipment s i z e s ,  raw m a t e r i a l s ,  
and u t i l i t y  consumptions must be  confirmed by p i l o t  scale t e s t s .  

The c o s t  e s t i m a t e s  show t h a t  manufactur ing c o s t s ,  e s p e c i a l l y  l a b o r  and a s s o c i a t e d  
overheads ,  are very  s e n s i t i v e  t o  p l a n t  c a p a c i t y  i n  t h e  20,000 TPD t o  50,000 TPD 
c o a l  feed  range. T h i s  s u g g e s t s  t h a t  a l a r g e ,  c e n t r a l l y - l o c a t e d  c a t a l y s t  p r o c e s s i n g  
p l a n t  s e r v i c i n g  s e v e r a l  c o a l  l i q u e f a c t i o n  f a c i l i t i e s  would r e s u l t  i n  t h e  lowes t  
molybdenum recovery c o s t s .  

The t o t a l  o p e r a t i n g  c o s t  o f  $3.29/1b Mo feed  shown i n  Table  I does  n o t  i n c l u d e  t h e  
c o s t  t o  make-up t h e  5% Mo l o s s e s  i n  t h e p r o c e s s .  I n  a d d i t i o n ,  t h e  Mo is  recovered  
from t h e  s p e n t  c a t a l y s t  a s  CaMoOz which is n o t  a s u i t a b l e  f e e d  f o r  c a t a l y s t  p repara-  
t i o n  b u t  is an a c c e p t a b l e  m a t e r i a l  f o r  m e t a l l u r g i c a l  use .  A more expens ive  
molybdenum compound, a h i g h  p u r i t y  oxide ,  i s  r e q u i r e d  f o r  c a t a l y s t  manufacture .  
Consequent ly ,  a c o s t  p e n a l t y  i s  a l s o  i n c u r r e d  f o r  t h e  reduced v a l u e  of t h e  recovered  
Mo. The Mo recovered  as  CaMoO, (95% of  t h e  s t a r t i n g  p a t e r i a l )  h a s  a v a l u e  equiva-  
l e n t  t o  a t e c h n i c a l  grade  o x i d e  ($8.62/1b Mo) and thus  c r e d i t s  t h e  o p e r a t i n g  c o s t  
wi th  $8 .19/ lb  Mo feed .  The replacement  Mo as a p u r e  o x i d e  ($9.58/1b Mo) adds 
$9.58/1b Mo feed  t o  t h e  o p e r a t i n g  c o s t .  T h i s  r e s u l t s  i n  a n e t  a d d i t i o n a l  c o s t  o f  
$1 .39/ lb  Mo feed ,  and r a i s e s  t h e  n e t  o p e r a t i n g  c o s t  t o  $4.68/1b Mo f e e d .  Even wi th  
a 100% Mo recovery ,  t h e  c u r r e n t  Mo p r i c i n g  s t r u c t u r e  r e s u l t s  i n  a c o s t  p e n a l t y  of  
$0 .96/ lb  Mo f e e d .  

Based on l a b o r a t o r y  d a t a ,  t h e  process  a p p e a r s  t o  be  t e c h n i c a l l y  f e a s i b l e  b u t  needs 
more d e f i n i t i o n  on t h e  e f f e c t s  of  c o a l  a s h  contaminat ion  on Mo recovery .  The 
economics a l s o  look  promising w i t h  t h e p o t e n t i a l  f o r  improvement v i a  a l t e r n a t e  
technology.  

Dispersed Molybdenum C a t a l y s t  

When a molybdenum compound i s  d i s p e r s e d  i n  t h e  c o a l - o i l  feed  s l u r r y , a  d i f f e r e n t  type 
of recovery  p r o c e s s  can be  used.  Ul t imate ly ,  Mo is  r e j e c t e d  from t h e  l i q u e f a c t i o n  
p l a n t  as a component o f  t h e  c o a l  a s h .  However, a f t e r  p a s s i n g  through t h e  l i q u e -  
f a c t i o n  r e a c t o r  and product  s e p a r a t o r s ,  t h e  Mo c a t a l y s t ,  a long  w i t h  unreac ted  c o a l ,  
c h a r ,  r e s i d u a l  hydrocarbons,  and t h e  a s h  may be fed  t o  a p a r t i a l  o x i d a t i o n  g a s i f i e r  
i n  a hydrogen p l a n t .  Molybdenum-containing c o a l  a s h  t h a t  has  been s u b j e c t e d  t o  
g a s i f i c a t i o n  c o n d i t i o n s  h a s  n o t  been a v a i l a b l e  i n  q u a n t i t i e s  s u f f i c i e n t  f o r  adequate  
t e s t i n g .  Consequent ly ,  s y n t h e t i c  mixtures  of  c o a l  ash  from a g a s i f i c a t i o n  u n i t  and 
Mo m e t a l  powder have been used i n  e v a l u a t i n g  t h e  Mo recovery  process .  The c o a l  ash- 
Mo m e t a l  blend w a s  fused  t o  i n s u r e  i n t i m a t e  c o n t a c t  of  t h e  components. A f t e r  cool ing ,  
t h e  s o l i d  m e l t s  were ground t o  approximately -100 mesh and mixed w i t h  soda a s h  
(Na2C03). 
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A s  shown i n  t h e  schemat ic  f l o w  diagram f o r  t h e  p r o c e s s  (F igure  2 ) ,  t h e  Mo-ash- 
N a 2 C 0 .  mix ture  i s  r o a s t e d  i n  a i r  a t  700 C i n  a d i r e c t  f i r e d  r o t a r y  k i l n  o r  f l u i d  
bed c a l c i n e r .  There i s  no need t o  a i r  r o a s t  t h e  a s h  b e f o r e  a d d i t i o n  of  N a 2 C 0 ,  
because  the d e l e t e r i o u s  s u l f u r  and carbon i m p u r i t i e s  have a l r e a d y  been removed i n  
t h e  g a s i f i e r .  

The r o a s t e d  m i x t u r e  i s  s l u r r i e d  w i t h  water  at 100  C t o  e x t r a c t  Na2MoOb. The ash  
r e s i d u e  is t h e n  washed, d r i e d  and d i s c a r d e d .  The f i l t r a t e  and wash l i q u o r  contain-  
i n g  d i s s o l v e d  NazMoO4 and e x c e s s  NazC03 a r e  mixed and ammonia added t o  a n  NH3/Mo 
r a t i o  of 1/1-2/1.  Then s u l f u r i c  a c i d  is added t o  t h e  ammoniacal s o l u t i o n ,  main- 
t a i n e d  a t  80-100 C,  u n t i l  an ammonium polymolybdate i s  p r e c i p i t a t e d  a t  a pH of 
1.0-3.0. F i n a l l y ,  t h e  p r e c i p i t a t e  i s  f i l t e r e d  and d r i e d .  The ammonium polymolyb- 
d a t e  i s  q u i t e  s u i t a b l e  f o r  r e c y c l e  d i r e c t l y  i n t o  t h e  c o a l - o i l  f e e d  s l u r r y  of a coa l  
l i q u e f a c t i o n  p r o c e s s  e i t h e r  as a s o l i d  o r  d i s s o l v e d  i n  a d i l u t e  ammonia s o l u t i o n .  

Complete c a p i t a l  and o p e r a t i n g  c o s t  estimates f o r  t h i s  p r o c e s s  are shown i n  Table  11. 
Again, a l l  c o s t s  a r e  t30%.  The d e s i g n  assumptions used i n  t h i s  estimate are: 

1. The a s h  r e s i d u e  i s  o b t a i n e d  from a c o a l  l i q u e f a c t i o n  p l a n t  p r o c e s s i n g  

2 .  The a s h  r e s i d u e  c o n t a i n s  2% Mo. 
3. The p l a n t  o p e r a t e s  330 d a y s / y e a r ,  24 hours fday .  
4 .  Molybdenum recovery  from t h e  a s h  r e s i d u e  i s  95%. 
5 .  Raw material  c o s t s  a re  t h o s e  publ i shed  i n  Chemical Market ing Repor te r ,  

6. 

20,000 TPD o f  c o a l  w i t h  a n  a s h  c o n t e n t  of  10%. 

March 1, 1982.  
C a p i t a l  c o s t 3  are based on March 1982 e s t i m a t e s  u s i n g  a Chemical 
Engineer ing  Index of  330. 

No a t tempt  w a s  made t o  o p t i m i z e  r a w  material o r  u t i l i t y  consumptions.  Also ,  less 
convent iona l  a l t e r n a t i v e  equipment t y p e s  may be  s u i t a b l e  a t  s i g n i f i c a n t  c a p i t a l  
economies. Based on l a b o r a t o r y  s c a l e  exper imenta t ion ,  t h e  p r o c e s s  appears  t o  be 
t e c h n i c a l l y  f e a s i b l e .  However, i t  must be  remembered t h a t  t e s t  samples  were mix- 
t u r e s  o f  c o a l  a s h  and M o  m e t a l  powder. 
g a s i f i e r  becomes a v a i l a b l e ,  t e c h n i c a l  f e a s i b i l i t y  o f  t h e  p r o c e s s  w i l l  n o t  b e  
a s s u r e d .  

Economic a n a l y s i s  (Table  11)  shows t h i s  Mo recovery  p r o c e s s  t o  be  a t t r a c t i v e ,  even 
w i t h  h igh  c a p i t a l  c o s t s  of $31  MM compared t o  t h e  $11.2 MM c a p i t a l  c o s t s  f o r  a n  
i d e n t i c a l l y - s i z e d  c o a l  l i q u e f a c t i o n  p l a n t  u s i n g  CoMo/A1203 c a t a l y s t  (Table  I).  The 
d i f f e r e n c e  i s  r e l a t e d  t o  t h e  l a r g e  volume of  a s h  t h a t  must b e  processed .  For  
example, a 20,000 TPD l i q u e f a c t i o n  p l a n t  p r o c e s s i n g  c o a l  w i t h  10% a s h  c o n t e n t  w i l l  
g e n e r a t e  2000 TPD of Mo-containing a s h  v e r s u s  only  15 TPD of  CoMo/A1203 s p e n t  
c a t a l y s t  from t h e  f i r s t  p r o c e s s .  In  f a c t ,  t h e  massive q u a n t i t i e s  of a s h  genera ted  
s e t  t h e  s i z e  of t h e  Mo recovery  p l a n t  independent  of  t h e  amount o f  Mo i n  t h e  a s h .  
S i n c e  t h e  c o n c e n t r a t i o n  of Mo may vary  from 0.25% up t o  about  8%, t h e  t o t a l  amount 
o f  molybdenum is s m a l l  compared t o  t h e  amount of a s h .  T h e r e f o r e ,  equipment s i z e s  
a r e  e s s e n t i a l l y  t h e  same f o r  a l l  c o n c e n t r a t i o n s  o f  Mo. F i g u r e  3 shows t h e  manu- 
f a c t u r i n g  c o s t s  f o r  a p l a n t  r e c o v e r i n g  Mo from t h e  a s h  a s  a f u n c t i o n  of  t h e  i n i t i a l  
molybdenum c o n c e n t r a t i o n .  Paramet r ic  c u r v e s  are shown f o r  molybdenum y i e l d  as w e l l  
as one c a s e  f o r  a 50,000 TPD c o a l  p l a n t .  

A t  any g iven  Mo c o n c e n t r a t i o n  i n  t h e  a s h ,  t h e r e  i s  only  a s m a l l  e f f e c t  of recovery  
y i e l d  on  t h e  u n i t  c o s t  o f  recovery .  But  t h i s  does n o t  t a k e  i n t o  account  t h e  c o s t  
o f  make-up material .  
20,000 TPD t o  50,000 TPD s c a l e s .  However, p r o c e s s  c o s t s  are very  s e n s i t i v e  t o  Mo 
l e v e l s  i n  t h e  a s h  and are probably  p r o h i b i t i v e  a t  molybdenum l e v e l s  much below 1%. 

U n t i l  Mo-containing a s h  r e s i d u e  from a 

Recovery c o s t s  are n o t  s e n s i t i v e  t o  p l a n t  c a p a c i t y  a t  
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SUMMARY 

Molybdenum recovery from c o a l  l i q u e f a c t i o n  p rocesses  employing CoMo/AlzOj c a t a l y s t s  
appears  t o  be bo th  t e c h n i c a l l y  f e a s i b l e  and economical ly  a t t r a c t i v e .  Cos t s  would 
be minimized i f  one c a t a l y s t  r ecove ry  p l a n t  s e r v i c e d  s e v e r a l  l i q u e f a c t i o n  f a c i l i t i e s .  
The s i t u a t i o n  is very d i f f e r e n t  w i t h  l i q u e f a c t i o n  p rocesses  employing d i s p e r s e d  Mo 
c a t a l y s t s .  I n  t h i s  c a s e ,  r ecove ry  c o s t s  show l i t t l e  s e n s i t i v i t y  t o  p l a n t  s i z e  
above 20,000 TPD c o a l  f eed  because of t h e  l a r g e  q u a n t i t i e s  of a sh  t h a t  must be  
processed.  The r ecove ry  technology appears  f e a s i b l e  b u t  t h e  economics a r e  ve ry  
S e n s i t i v e  t o  Mo l e v e l s  i n  t h e  a s h  r e s i d u e .  

CoOlA1,O. cauoo. 
spent  Catalyst 

FIGURE 1 :  Process Flow Sheet for t h e  Recovery of Molybdenum 
from a Spent CoUo/Al,O, Coal Liquefaerlon Catalyst 
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FIGURE 2 :  Process Flow Sheet for Cbe Recovery of Nolybdenum from a 
Resldue As11 from a C o d  Llqucfrctlon Plant 
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FICURE 3: Uenufacturing Costs for B Process LO Recover Nolybdenum 
from a Resldue Ash from a Coal Liquefaction Plant 
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TABLE I. Capital and Manufacturing Costs For a Process to Recover Mo 
from a Spent CoMoiAlz03 Catalyst for Coal Liquefaction 

Basis: 1.5 l b s  catalyst/ton coal, 95% Recovery 
Catalyst Composition: 10% Mo, 2.5% Co, 10% S, 10% C, bal A1203 

Coal Liquefaction Plant Capacity 20,000 TPD 50,000 TPD 

Mo Plant Capital Cost $11.18 MM $13.87 MM 

Manufacturing Costs, $/lb Mo in Feed 

Raw Materials 
Utilities 
Labor 
Maintenance 
Operating Supplies 
Payroll Overhead 
Indirect Costs 
Fixed Costs - taxes, insurance 

- depreciation 

$0.29 $0.29 
0.12 0.12 
1.96 0.78 
0.68 0.34 
0.17 0.08 
0.92 0.39 
1.32 0.56 
0.34 0.17 
1.13 0.56 - - 

Total $6.93 $3.29 

1.39 

$8.32 $4.68 

- Mo Make-up and Penalty Costs 1.39 

TABLE 11. Capital and Manufacturing Costs for a Process to Recover Mo 
from a Residue Ash from a Coal Liquefaction Plant 

Basis: 20,000 TPD coal plant 
10% ash in coal 

2% Mo in ash 
95% Mo recovery 

Mo Plant Capital Cost: $31 MM 

Manufacturing Costs, $/lb Mo in Feed 

Raw Materials $1.19 
Utilities 0.83 
Labor 0.07 
Maintenance 0.07 

Payroll Overhead 0.05 
Indirect Costs 0.07 
Fixed Costs - taxes insurance 0.03 

- depreciation 0.12 

Total $2.45 

Mo Make-up Costs - 0.48 

$2.93 

Operating Supplies 0.02 
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